Introduction
Gold foil is often used for decorative purposes on furniture items. At a crime scene such as a burglary or a murder committed indoors, small particles of gold foil used for indoor decoration were sometimes transferred to a suspect, a victim or a weapon by the contact with them. If a gold particle retrieved from a crime scene showed elemental similarity to that of gold foil collected around the suspect, it can be effective evidence to connect the suspect with the scene. Generally, gold foil is an alloy composed of gold and silver, and the ratio of them is different for each product.
Forensic discrimination of metal has been carried out by the elemental analysis of trace impurities using inductively coupled plasma-atomic emission spectrometry (ICP-AES). 1 Though elemental analysis using ICP-AES or inductively coupled plasma-mass spectrometry is effective for the forensic discrimination of physical evidence, [1] [2] [3] [4] [5] it requires complex pretreatment and consumption of samples of even a few milligrams.
Recently synchrotron radiation X-ray fluorescence spectrometry (SR-XRF) was investigated as a powerful technique for the analyses of heavy elements in geological and archaeological samples. 6 The technique has been also studied for the examination of physical evidence in the forensic science field. 7, 8 One of the advantages of SR-XRF is that valuable forensic samples can be analyzed without destruction. It does not require complicated pretreatment, which is indispensable for analysis using ICP-AES. Moreover, as the irradiated X-rays are a directional beam with high brilliance, the sensitivity for minor and/or trace elements by SR-XRF is higher than the sensitivity available using the instruments in the laboratory.
In this study, SR-XRF was applied to nondestructive analysis of silver in gold foil, and the discriminations of types of gold foil by the comparison of silver content were also investigated.
Experimental
Gold foil samples Eight kinds of commercially available gold foil samples (Takaoka Seihaku Co. Ltd., Kanazawa, Japan) were collected and used in the experiments. Concentrations of Ag were provided by the manufacturer; these varied from 0.5% to 41.2% by weight, as shown in Table 1 . Small particle of gold foil less than 1 mm × 1 mm (eq. 3 µg) was packed with polypropylene film attached to an acrylic frame, and subjected to SR-XRF analysis.
Synchrotron radiation X-ray fluorescence spectrometry
Measurement of SR-XRF was performed at SPring-8 (Hyogo, Small particles of gold foil detached from an indoor decoration might be important evidence to associate a suspect with a crime scene. We have investigated the application of elemental analysis using synchrotron radiation X-ray fluorescence spectrometry to discriminate small particles of gold foil. Eight kinds of gold foil samples collected in Japan were used in the experiments. As a result of synchrotron radiation X-ray fluorescence spectrometry, only two elements, gold and silver, were detected from all gold foil samples. The intensity ratios of AgKα/AuLα showed good correlation with the content ratios of Ag/Au. The variation of intensity ratio within a same sample was sufficiently small compared with those of different samples. Therefore the comparison of this intensity ratio can be an effective method to discriminate small particles originating from different types of gold foil. Japan) using beam line BL-37XU. Monochromatic X-rays of 75.5 keV were used as an excitation source. The X-ray beam was adjusted to 500 µm × 500 µm with a slit gate and then irradiated onto the sample. The optical layout of this system is shown in Fig. 1 . Characteristic X-rays from the sample were detected with a pure germanium-solid state detector under atmospheric condition. The measurement was performed for 500 s of live time on each sample.
Results and Discussion
Synchrotron radiation X-ray fluorescence spectrometry Typical spectra obtained by SR-XRF are shown in Fig. 2 . Characteristic X-rays of K lines from Ag and L lines from Au were observed in all samples. No other peak related to any other element was detected. The reason why the peaks from Cu could not be observed was not clear, but it could be readily ascribed to the poor excitation efficiency of Cu caused by the large difference between the absorption edge of Cu and the excitation energy.
The peak intensity of AgKα varied along with the concentration of Ag in gold foil. The relationship between the intensity of AgKα and the concentration of Ag was examined. Peak areas of AgKα and AuLα from 8 gold foil samples were read out and the ratios of them were plotted against Ag/Au ratio. The result is shown in Fig. 3 . Good correlation was observed between them. This fact indicates that SR-XRF has a potential for the quantitative analysis of silver in gold foil without any destruction of a sample.
Discrimination of gold foil by the comparison of silver contents
Five fragments taken from each piece of gold foil were analyzed by SR-XRF. The obtained data were used to calculate the mean and standard deviation for the ratio of AgKα/AuLα on each sample. The results are summarized in Table 2 . The variation for the ratio of AgKα/AuLα within a same sample is always smaller than 10% by relative standard deviation. In contrast, the variation of this value across different samples is much larger than the intra-sample variation. This result indicates that the comparison of the ratio of AgKα/AuLα is quite useful for discrimination of types of gold foil.
Discrimination of the types of gold foil was carried out as follows. If the range of average value ±2σ for two samples is separated, the samples are considered to originate from different sources. Figure 4 shows the discrimination result. All of 28 pairs except 1 could be discriminated.
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Conclusion
We investigated the application of SR-XRF to analysis of silver in pieces of gold foil. The peaks of Ag and Au, components of gold foil, were observed in the SR-XRF spectrum of all 8 samples. The peak intensity of Ag showed good correlation with the concentration of Ag. The range of AgKα/AuLα ratio was small among the fragments taken from a same sample. The comparison of this ratio could provide acceptable results in the discrimination of types of gold foil. Nondestructive analysis of silver in a small fragment of gold foil was performed by SR-XRF and the comparison of analytical results was effective for the discrimination of pieces of gold foil originating from different sources. 
